Purpose Chest physiotherapy (CPT) is commonly used for mechanically ventilated patients, but little is known about its physiological effects, particularly in patients with acute lung injury (ALI). The aim of the study was to determine the benefits and risks of delivering multimodal respiratory physiotherapy to mechanically ventilated patients with ALI receiving paralytic agents. Methods A repeated measure-experimental design using a counterbalancing method was employed. Fifteen patients received CPT (vibration, percussion, or palm-cup percussion) in addition to the routine CPT in a randomized order. Another 15 patients, contraindicated for the percussion technique, received routine CPT including manual hyperinflation and position change, and were observed as a comparative group. The effects of CPT were evaluated by measuring the volume of aspirated secretions and the dynamic lung compliance (C d ) over time. For the adverse effects, peripheral oxygen saturation (SpO 2 ) was recorded. C d and SpO 2 were recorded at the baseline period, immediately after the physiotherapy treatment, and at 10, 20, 30 and 60 minutes posttreatment. Results The volume of collected secretions did not differ significantly when compared between the groups (p = .838). C d increased significantly over time in the manual percussion (p = .042) and palm-cup percussion (p = .046) group, where C d in the latter remained elevated twice longer than in the former. None of the CPT techniques exerted major detrimental effects on SpO 2 . Conclusions We found that the palm-cup percussion technique was the most effective in increasing C d without any accompanying detrimental effects on SpO 2 . However, additional CPT did not affect the volume of aspirated secretions. [Asian Nursing Research 2011;5(1):60-69] 
INTRODUCTION
Acute lung injury (ALI) is a disorder of acute alveolar inflammation characterized by the acute onset of ventilation-perfusion mismatch and diffuse bilateral pulmonary infiltrates on chest radiographs (Johnson & Matthay, 2010) . Approximately 200,000 patients are known to suffer from ALI annually (Rubenfeld et al., 2005) . Maintaining an optimal dynamic lung compliance by using ventilator management and respiratory care is considered to be most important when caring for these patients. Nevertheless, mechanically ventilated patients with ALI are often at risk of not receiving therapeutic tidal volumes and airway pressure.
Moreover, the paralytic agents which may be often administered to these patients decrease their chest wall muscle tone (Nunn, 1990) , and hinder removal of lung secretions. It is also known that atelectasis appears in around 90% of patients who are under the influence of paralytic agents (Gunnarsson, Tockics, Gustavsson, & Hedenstierna, 1991) . One of the most commonly used physiotherapy treatments for these patients is the combination of suctioning and positioning (Ntoumenopoulos, Presneill, McElholum & Cade, 2002; Stiller, Jenkins, & Grant, 1996) although suction can be associated with hypoxemia and hemodynamic instability (Lindgren et al., 2007; Morrow, Flutter & Argent, 2006) .
Evidence-based practice is essential to improve the quality of nursing care. However, little is known about the physiological changes in parameters such as lung mechanics, and peripheral oxygen saturation (SpO 2 ) that occur in these patients during position changes and suctioning over time, particularly in mechanically ventilated patients who are under the influence of paralytic agents. Moreover, the effectiveness of this treatment at removing the retained secretions in these paralyzed patients has yet to be established.
Additional methods of chest physiotherapy (CPT) such as vibration and the percussion technique are used to treat mechanically ventilated patients with ALI in many intensive care units (ICUs) (Stiller, 2000) . Some studies have demonstrated short-term improvements in the pulmonary function of ICU patients following such physiotherapy protocols (Eales, Barker & Cubberley, 1995) ; however, others have reported negative effects of these techniques in critically ill patients (Connors, Hammon Martin & Rogers, 1980; Hammon, Connors & McCaffree, 1992) . Stiller et al. (1996) reported that the addition of vibration to a treatment regime of positioning, manual hyperinflation, and suction failed to significantly alter the rate of resolution of the atelectasis as indicated on chest radiography. Moreover, Weissman et al. (1984) reported increased oxygen demand up to 40% during CPT when applied to awake ventilated patients. However, literature on benefits and risks of CPT at complete paralysis could hardly be found.
Current lack of reliable evidence thus prompted us to investigate the benefits and risks associated with the provision of routine multimodal respiratory physiotherapy to intubated ICU patients receiving mechanical ventilation with paralytic agents. Specifically, we first evaluated the volume of secretions removed after the application of different CPT techniques and the changes in dynamic lung compliance (C d ) over a 1-hour period following these various techniques. Second, we investigated SpO 2 over a 1-hour period following the application of these various techniques.
Purpose
The purpose of the study was to determine the benefits and risks of delivering multimodal respiratory physiotherapy to mechanically ventilated patients with ALI receiving paralytic agents. The specific purposes were as follows: (a) To compare amount of secretion expelled among comparative group, vibration group, manual percussion group and palm-cup percussion group; (b) to examine C d and SpO 2 over time after applying CPT in each group.
MATERIALS AND METHODS

Study design
A repeated measure-experimental design using a counterbalancing method was employed (Table 1) . Fifteen patients who met the inclusion criteria received additional CPT (vibration, percussion, or palm-cup percussion) in a randomized order. Thus, each CPT group consisted of 15 participants. Another 15 patients who met the inclusion criteria but were contraindicated for the percussion technique due to cardiac dysrhythmia received routine CPT and were used as the comparative group. Briefly, the comparative group received the routine care regime specified by hospital policies, which takes a total of 3-4 minutes: suctioning with manual hyperinflation in the side-lying position (either right or left), followed by a position change to the other side, and finally another suctioning with manual hyperinflation in the changed position. The experimental group received either vibration, manual percussion or palm-cup percussion in addition to routine care. For example, the vibration was applied in the side-lying position followed by suctioning with manual hyperinflation. After the position change to the other side, the vibration was applied again, followed by suctioning with manual hyperinflation (Table 1 ). The vibration, manual percussion, or palm-cup percussion technique was applied to the experimental group in a randomized order. There was a 2-hour interval between each regimes.
Setting and samples
The study was carried out at a medical ICU in a tertiary hospital located in Seoul, Korea. The institutional review board of College of Nursing, Seoul National University approved the study and the guardians of the participants consented to their involvement in the study. A total of 30 ICU patients who were paralyzed, incapable of spontaneous respiration and entirely dependent on ventilators were included. The following inclusion criteria were met by the patients: • Over 18 years of age; • A Murray score between 0 and 2.5; • Intubated and mechanically ventilated on pressure control ventilation mode only; • Bilateral pulmonary infiltrates on chest X-ray; • Adequately sedated on benzodiazepines and paralyzed on paralytic agents. Table 1 Study Design
Group Intervention
Comparative group G-power analysis program was used to calculate the power of the study. With 15 patients in each group, the power of this study was .76 based on a medium effect size of .50 and a type 1 error of 0.05 (Cohen, 1988) .
Measurements
For the primary outcome, the effect of each CPT technique was evaluated by measuring the volume of secretions and C d . Secretions were collected for measurement in a specimen trap via a suction tube after each CPT during the suction periods. After completing suctioning, 20 mL of sterile saline was flushed through the suction tubing into the specimen trap to clear any secretions left in the catheter. The volume of the aspirated secretion was measured in 0.1 mL scale and calculated by subtracting the volume of the 20 mL volume of sterile saline from the total volume of the secretion collected in the specimen trap (Jun & Moon, 2000) . The aspirated secretion in the comparative group and the experimental groups was compared.
To evaluate short-term effect after applying chest physiotherapy, C d was calculated. Tidal volume, peak inspiratory pressure, and end-expiratory pressure were measured with a Siemens Servo ventilator (Siemens Healthcare, Erlangen, Germany), and C d was calculated as tidal volume/(peak inspiratory pressure minus positive end-expiratory pressure).
For the secondary outcome, the adverse effects were evaluated by recording SpO 2 . SpO 2 was monitored using pulse oximetry and a Solar 8000 M patient monitor (General Electric, Fairfield, CT, USA).
C d and SpO 2 were recorded at six time points; at the initial baseline rest period, immediately after the physiotherapy treatment, and at 10, 20, 30, 60 minutes posttreatment. Pretreatment and posttreatment data within the groups were compared.
Procedure Vibration
The vibrator (Unix Power massager M-60; Unix electronics, Seoul, Korea) was applied to the right and left lobes of the lungs on the patients' backs over 20 expiration times (Barnes, 1988) . Each vibration was interrupted at the end of the expiratory phase to allow free inspiration.
Manual percussion
Manual percussion was applied in accordance with the standard technique for clinical use (Barnes, 1988) . Briefly, patients were percussed on the back consistently with the same force from a height of 10 cm and at a rate of 25 per 10 seconds for 4 minutes. The researcher used both hands to deliver a strong force (Barnes) .
Palm-cup percussion
A soft vinyl palm-cup designed for adults (DHD Healthcare, New York, USA), made of soft vinyl, was used for percussion. Patients were percussed on the back with a palm-cup using the same regime as for the manual percussion.
Statistical analysis
The results were analyzed using the SPSS 12.0 software package (SPSS Inc., Chicago, IL, USA). KruskalWallis test was conducted to analyze the quantity of secretions collected among the groups. The level of statistical significance was set at p < .05. All physiological values except for the quantity of secretions were analyzed using paired t tests. For multiple comparison using paired t test, we also used Bonferroni correction to reset the alpha level of type 1 error. When using Bonferroni correction, the level of statistical significance was set at p < .01.
RESULTS
Participants
The demographic and clinical characteristics did not differ significantly between the experimental and the comparative groups (Table 2) .
Primary outcomes: Effect of 3 CPT techniques Collected secretion volume
The data set of secretion volume did not conform to a normal distribution, and so we used nonparametric statistics to make multiple comparisons. The volume Table 3 ).
Dynamic lung compliance (C d )
C d increased immediately (p = .021) and remained elevated at 10-min (p = .042) after the intervention in the manual percussion group (Table 4, Figure 1 ). In the palm cup percussion group, C d increased immediately (p = .006), and remained elevated for up to 20-min thereafter (10-min, p = .046; 20-min, p = .048), twice as long as in the manual percussion group. However, when the alpha level of type 1 error was adjusted using Bonferroni correction, the increase in C d was significant only immediately after applying palm-cup percussion. On the other hand, C d did not increase significantly relative to baseline in the comparative or vibration groups at all followup time points (Table 4, Figure 1 ). 
Secondary outcome: Adverse effect of 3 CPT techniques Peripheral oxygen saturation (SpO 2 )
In the palm-cup percussion group, SpO 2 decreased immediately after the intervention (p = .042) as compared to baseline, although it came returned to baseline levels at the next measurement (Table 4 , Figure 2 ). There was also a significant decrease in SpO 2 at 10-min after the intervention in the comparative group (p < .001) that returned to baseline levels in the next measurement. However, SpO 2 in the palm-cup percussion group and comparative group, was higher than 95% when it decreased. In the vibration and manual percussion group, SpO 2 remained unchanged during the intervention period. When the alpha level of type 1 error was adjusted using Bonferroni correction, the decrease in SpO 2 at 10-minute after the intervention was significant only in the comparative group.
DISCUSSION
The rationale for CPT intervention is often not provided in ALI patients and guidelines for regimes are inconsistent in many ICUs (Stiller, 2000) . Furthermore, previous studies often do not include a comparative group containing patients that receive no 96.5 ± 3.3 96.6 ± 3.1 96.6 ± 2.7 97.0 ± 2.5 96.9 ± 2.6 97.8 ± 4.6 Palm-cup percussion 96.0 ± 3.4 94.0 ± 4.0* 95.7 ± 3.5 96.1 ± 3.3 95.9 ± 3.7 96.3 ± 3.4
Note.
a Data are M ± SD values. *p < .05 compared to baseline within group. **p < .01 compared to baseline within group using Bonferroni correction.
additional CPT for comparisons of the variables of interests (Baldwin, Hill, Peckham, & Knox, 1994; Mackenzie & Shin, 1985) . This is the first preliminary evaluation of lung mechanics and physiological parameters over one hour period following the application of various CPT regimes for paralyzed and mechanically ventilated patients in ICUs.
C d normally lies within the range 30-40 mL/ cmH 2 O and may decrease when alveolar ventilation is reduced or when there is derecruitment of the injured lung (Barker & Adams, 2002; Chang, 2001 ). In our study, C d increased significantly immediately and 10-min after the intervention in the manual percussion and palm-cup percussion groups, while no significant changes were found over time in the comparative or vibration groups. The significant increase in C d in the manual percussion and palm-cup percussion groups suggests that those forms of physiotherapy are effective in recruiting the collapsed lung units as well as in preventing derecruitment events after suctioning. Palm-cup percussion appears to be the most effective for increasing C d since that parameter remained elevated even 20-min after the intervention. When we adjusted the alpha level of type 1 error using Bonferroni correction which is the most rigorous method, the increase in C d was significant only immediately after applying palm-cup percussion. The difference in significance level may have come from the small sample size. The positive effect of percussion on C d may not have been due to the palm-cup percussion itself, since Jones, Hutchinson, and Oh (1992) reported no significant changes in C d after application of the percussion technique alone. Rather, the positive effect may be attributable to the combination of position changes and percussion, which may have acted synergistically to enhance the effect on C d (Raoof, Chowdhrey, & Feuerman, 1999) . The powerful pressure from the palm-cup percussion enough to re-expand collapsed alveoli after position changes might have allowed the C d to increase immediately and to stay elevated for over 20 minutes after the intervention.
The maintenance of a high SpO 2 is important during the application of CPT. Figure 2. Changes in peripheral oxygen saturation over time. *p < .05 compared to baseline within group. **p < .01 compared to baseline within group using Bonferroni correction. group SpO 2 decreased significantly at 10 minutes after the position changes and suctioning, although it was still higher than 95%; however, it recovered instantaneously. Since we performed suctioning and manual hyperinflation together, we cannot explain the effect of suctioning per se on SpO 2 . However, we can postulate that the conventional combination of position changes and suctioning is at least safe to perform in mechanically ventilated patients with ALI.
Other methods of CPT also appear to be safe since they did not induce any significant decrease in SpO 2 during the 1-hour postintervention measurement period. Although there was a slight, though significant change in SpO 2 in the palm-cup percussion group, it was not significant when we used Bonferroni correction. Surprisingly, we found that the volume of secretions removed did not differ among the groups. Our results are at odds with those of a previous study that found that the volume of secretions removed increased after additional CPT (Hong & Choi, 2004) . There are two possible explanations for the differences. First, the volume of secretions recovered herein was too small to detect a difference. Although we made an effort to measure the amount of the secretions in 0.1 mL scale, the quantities of secretions removed after each CPT in our study were much lower than those reported previously (Unoki et al., 2005) . This may have been attributable to the use of paralytic agents in our patients (which were not administered to the patients in the previous study); it may be possible that the secretions could not be expelled properly as a result of paralysis of the bronchiolar smooth muscle layers and decreased chest wall muscle tone. Second, we only applied a single CPT procedure in addition to the routine care. Perhaps the application of more than one additional CPT procedure would have been more likely to enhance expectoration in patients with a large amount of sputum. Indeed, Hong and Choi applied two different CPT techniques to their patients, from whom they obtained larger secretion volumes. Davis et al. (2001) also reported that additional percussion was effective when applied to patients with high levels of sputum production. We could, therefore, suggest new strategies to enhance expectoration in paralyzed ALI patients are needed.
The addition of vibration therapy to conventional manual hyperinflation and suction with position change did not improve C d or enhance the removal of secretions in our patients, although it had no detrimental effect on SpO 2 . Our data are consistent with previous studies that found no improvements in arterial blood gas values and lung compliance following manual hyperinflation and suction alone, or with the addition of vibrations (Eales et al., 1995; Poelaert, Lannoy, Vogelaers, & Everaert, 1991) . We cannot explain why we did not observe any positive effect of vibration. We can speculate that vibration does not exert direct effect on C d but it enhances expectoration by increasing expiration velocity and volume (Barnes, 1988) . However, we cannot state this definitely since we did not observe any significant increase in the volume of sputum recovered in our paralyzed patients who received vibration therapies.
Our study was subject to some limitations. First, we only measured the effects of CPT for 1 hour, although the changes in the physiological variables had recovered to baseline levels by the end of the postintervention observation time. It has been reported previously that physiotherapy-induced improvements can last for up to 2 hours after treatment (Jones et al., 1992) .
We were unable to ascertain whether the observed improvements in physiological variables resulted in a faster recovery or improved outcome for patients with acute respiratory problems. Although C d increased significantly in the manual percussion and palm-cup percussion groups, the degree of improvement may not be significant clinically. However, the aim of our study was not to evaluate the effectiveness of physiotherapy to facilitate weaning or shorten the length of stay in the ICU or hospital, but to provide evidence for the changes in physiological parameters affected by application of various methods of CPT.
Second, with a repeated-measures experimental design, a major drawback is the possibility of a carryover effect, even though there was a 2-hour interval between each regimes. However, this is unlikely since there were no statistical differences in the baseline physiological parameters and C d among the groups.
Third, the presence of medical conditions such as cardiac dysrrhythmia meant that the patients could not be assigned randomly. However, no differences were found in demographic and clinical characteristics between the two groups. Since ethical consideration was also made, the patients in the comparative group were receiving the routine CPT and not applicable to the additional CPT. We do not think this raises any questions of ethics.
CONCLUSIONS
In conclusion, we found that among the methods of CPT applied, the palm-cup percussion technique was the only one that was effective in increasing C d without any accompanying detrimental effects on SpO 2.
However, we found no unequivocal evidence that any single methods of CPT was effective in removing retained secretions in mechanically ventilated patients who were under the influence of paralytic agents. Our data suggest that other nursing strategies must be developed to enhance the expulsion of secretions in such patients. Moreover, other commonly used nursing intervention techniques including physiotherapy techniques require further evaluation in a larger scale for evidence-based practice.
